Thalamocortical Posterior nucleus (Po) axons innervating the somatosensory (S1) and 38 motor (MC) vibrissal cortices are key links in the brain neuronal network that allows 39 rodents to explore the environment whisking with their motile vibrissae. Here, using 40 high-end 3D electron microscopy, we demonstrate massive differences between MC vs. 41 S1 Po synapses in a) bouton and active zone size; b) neurotransmitter vesicle pool size; 42 c) mitochondria distribution near synapses; and d) proportion of non-spinous dendrite 43
relatively small 3 we aimed to determine whether Po synapses in MC and S1 were 86 different in their ultrastructural composition. Moreover, as studies in rat have reported 87 that MC and S1 can be simultaneously targeted by branches of the same individual Po 88 axons 4, 24 , we also set out to elucidate if structural differences occur between boutons 89 on separate branches of the same Po cell axon. 90
To visualize Po axons and measure identified Po synapses in S1 and MC, we 91 combined single-cell and bulk axonal labeling with light and high-resolution, fine-scale 92 3D-electron microscopy (serial sectioning Transmission Electron Microscopy, ssTEM; 93
and Focused Ion Beam Milling Scanning Electron Microscopy; FIB-SEM). In addition, 94
as Po and VPM synapses have been recently shown to elicit marked different effects on 95 S1 neurons, we re-analyzed our own dataset on VPM S1 synapses 25 and compared it 96 with the Po synapse data. 97
Here, we demonstrate that axonal varicosities of Po axons in MC are much larger 98 than those of the same axons in S1, and that their presynaptic structure and postsynaptic 99 relationships in each cortical area are strikingly different. In addition, we report 100 similarly sharp differences between Po and VPM axon synapses in S1. Along with 101 recent parallel functional observations 3, 16 differences in synapse structure both between 102 axons originated in diverse thalamic nuclei, and between the branches of the same 103 individual axons targeting separate cortical areas/layers, call into question current 104 models of thalamocortical interaction. 105
Insert Table 1 here 140 141
Ultrastructural features of Po synaptic boutons in the vibrissal regions of S1 and MC 142
A total of 192 axon boutons, most, but not all of them containing at least one synaptic 143 site, were reconstructed and analyzed with ssTEM or FIB-SEM: 74 BDA-labeled 144 boutons from S1-L5a, 67 boutons from S1-L1 and 51 boutons from MC-L4/3 (Table 1) . 145
Labeled boutons were identified by their electron-dense DAB reaction product in their 146 cytoplasm and by their tapering into the adjacent axonal segments. A second criterion 147
was the presence of a postsynaptic density (PSD) in consecutive serial sections 148 indicative for a synaptic contact. The sampling of labeled boutons in ssTEM was 149 essentially random, as any labeled bouton that could be followed from its beginning to 150 its end within a given series of ultrathin sections was reconstructed and quantified. In In the three cortex regions studied, the large majority of Po boutons were monosynaptic. 167
About 30% of boutons in MC-L4/3 and ~10% in S1 (L5a and L1) simultaneously 168 innervated two target structures ( Fig. 2d, 2f , Table 1 ). We did not observe any Po 169 bouton with three or more synapses, which is a frequent finding in S1-L4 VPM boutons 170 bouton volume (25% in S1-L5a, 16% in S1-L1 and 20.5% in MC-L4/3). Remarkably, in 174 both S1-L1 and S1-L5a, a significant number (7%) of the Po axonal varicosities that 175 contained a mitochondrion and synaptic vesicles, lacked any evident synaptic contact. 176
Such "non-synaptic boutons" were also observed in MC-L4/3 Po axons but less 177 frequent (2%), but never in the VPM S1-L4 axons (Table 1 ; see also 27 ). 
Synaptic structural features specifically revealed by FIB-SEM analysis 182
Our FIB-SEM analysis is based on sampling 2,435 µm 3 of cortical neuropil. At high 183 magnification FIB-SEM, the axonal BDA axonal segments were few and widely 184 scattered. Thus, despite taking our FIB-SEM samples from zones that under light 185 microscopy appeared heavily labeled ( Fig. 1 ), many of the volumes examined with FIB-186 SEM actually contained inside few or no labeled Po axonal segments. Nevertheless, 187 twenty-six Po axonal segments totaling ~283 µm of axonal length were reconstructed. 188
Of these, 108 µm were measured from axonal branches in S1-L5a (0.16 synapses/µm of 189 total axon length); 74 µm from S1-L1 (0.05 synapses/µm of total axon length); and 101 190 µm from MC-L4/3 (0.14 synapses/µm of total axon length; Table 1 , Fig. 4 , 191 Supplementary Fig. SM3 ). Varicosities were defined as any swelling on the axon 192 exceeding by more than 50% the typical variation of the adjacent axonal segments 28 . 193 About a quarter of all Po synapses analyzed with FIB-SEM (9 out of 37) occur in non-194 varicose "inter-bouton" axonal zones (S1-L5a: 5/20; S1-L1:1/4; MC-L4/3: 3/13). 195
Several such synapses are indicated by arrows in Fig. 4a -c. In VPM S1-L4 axons, 196 synapses in non-varicose regions are much less frequent 25, 27 . 197 198
Ultrastructural features of elements postsynaptic to the Po axons 199
In all three cortical regions investigated, the majority of Po synapses were established 200 on dendritic spines (83-96%). Synapses onto dendritic shafts (which may partially 201 correspond to non-spinous cortical interneurons 29 ) were frequent (17%) in S1-L5a, but 202 less frequent by ~4-fold in S1-L1 or MC-L4/3 (4-6%, respectively; Table 1 
; Fig. 2-4) 203
with no contacts on neuronal somata. 204 205 Strikingly, the PSDs displayed a wide range in both shape and size (Fig. 4a '-c', Table  206 1). The mean surface area of the S1-L5a PSDs was comparable (0.11 µm 2 ) to that 207 previously measured in VPM-L4 synapses (Table 1, Fig. 3g) . Surprisingly, PSDs 208 surface area of MC-L4/3 and S1-L1 Po synapses were ~60% larger. In S1-L5a, most 209 PSDs (65%) had disc-like morphologies. In contrast, most PSDs in S1-L1 (57%) or 210 MC-L4/3 (59%), displayed more complex horseshoe-shaped, perforated or fragmented 211 morphologies ( Fig. 4a '-c'). 212
A total of 199 dendritic spines postsynaptic to Po boutons were analyzed (Table 1) . 213
Interestingly, some of them (3%-18%) were also targeted by an unlabeled symmetric 214 (putatively inhibitory) synapse of unknown origin (Table 1) . Only 30% of the dendritic 215 spines postsynaptic to Po boutons in S1 (L5a and L1) contained a spine apparatus (an 216 endoplasmic reticulum derivate, Fig. 4a '-4b'), while the large majority (70%) of 217 postsynaptic spines in MC-L4/3 displayed this structural subelement responsible for 218 spine motility but also stabilization of the pre-and postsynaptic apposition zone during 219 synaptic transmission. Mitochondria were found inside 2 of the 68 dendritic spines 220 postsynaptic to S1-L1 Po boutons, despite the exceedingly rare occurrence of spine 221 mitochondria in rodent somatosensory cortex 30 . 
Dendritic spine invaginations into thalamocortical Po boutons 226
Numerous dendritic spine heads postsynaptic to Po boutons formed a thick finger-like 227 protrusion that invaginated into the presynaptic bouton ( Fig. 5a-d ). Such invaginations 228 were observed in all three cortical domains investigated, but were more frequent in MC 229 ( Fig. 5e and Table 1 ). Invaginations were always adjacent to the spine PSD and present 230 in spines with widely different PSDs sizes ( Fig. 5e ). Their volume was similar in the 231 three cortical domains analyzed (range 0.6-0.75 µm 2 ). The invaginated membranes were 232 smooth, lacking evident membrane specializations ( Fig. 5a1 ). We had observed similar 233 invaginations in mouse S1-L4 VPM synapses; remarkably their prevalence in Po MC 234 synapses seems to be higher 25 (13% vs. 19%; Fig. 5e -f). 235
236

Quantitative comparisons of structural synaptic parameters 237
To elucidate structural differences between Po axon synapses, parameters were 238 quantitatively compared between the three cortical domains studied ( Fig. 3d-h ; Table 1 ). boutons in S1-L5a ( Fig. 3d ). Most boutons in L1 were small, although the difference in 242 average size was less apparent due to the presence of occasional large boutons 243 interspersed in the axonal branches ( Supplementary Fig. SM4 ). Mitochondrial volume 244
per Po bouton was ~33% larger in the MC-L4/3 than in the S1-L5a boutons, consistent 245 with their bigger size ( Fig. 3e ). Most importantly, boutons in MC-L4/3 and S1-L1 246
contained vesicle pools about twice as large as those in S1-L5a (Fig. 3g ). In addition, 247 both the head volume and the PSD surface area of the spines postsynaptic to Po boutons 248 in MC-L4/3 and S1-L1 were significantly larger (+50%) than those of spines 249 postsynaptic to S1-L5a Po boutons ( Fig. 3g-h) . 250
Next, we compared the structure of synapses established by Po vs. VPM thalamic 251 nuclei axons in S1 by putting side by side the 3D Po bouton measurements and those of 252 VPM S1-L4 boutons 25 . This comparison revealed that the Po-L5a boutons are -46% 253 less in volume, and -33% in mitochondrial volume and contained -57% less synaptic 254 vesicles than VPM-L4 boutons ( Fig. 3d-f ). In contrast, the Po MC-L4/3 boutons are 255 statistically indistinguishable from VPM S1-L4 boutons with respect to these three 256 parameters. Overall, this analysis demonstrates that a) axons from different thalamic 257 nuclei can form structurally different presynaptic specializations in adjacent layers of 258 the same cortical columns and b) axons from the same thalamic nucleus can form 259 structurally different specializations in separate areas/layers. 260
In contrast, S1 spines postsynaptic to VPM (L4) and Po (L5a) boutons showed 261 almost identical head volumes and PSD sizes. These two parameters were different, and 262 overall much larger, for spines postsynaptic to S1-L1 (+83% and +45%, respectively) or 263 MC-L4/3 (+50% and 54%) Po boutons ( Fig. 3h ), consistent with the notion that 264 postsynaptic element differences reflect to a larger extent the local idiosyncrasies of 265 distant neuropils. For the 3D electron microscopic study, relatively large populations of Po cell axons 282 were anterogradely labeled with BDA. Since studies in rat indicate that MC and S1 may 283 be targeted by axonal branches of the same Po neuron 4, 24 , it remained unclear whether 284 structural differences of Po synapses in MC and S1 reflect a) two different Po cell 285 populations, each projecting either to MC or to S1, or b) area-specific synaptic 286 structures in the collaterals of the same Po neuron. To address this question, isolated 287
individual Po neurons were transfection-labeled with a Sindbis-pal-eGFP RNA 288 construct using in vivo electroporation. From a larger collection of fully-reconstructed 289
Po neurons projecting to a variety of cortical territories (n=12, data not shown), three 290 cells were found to specifically innervate vibrissal motor cortex; remarkably, all three 291 cells had, in addition, a collateral axon branch arborizing in the vibrissal region of the 292 primary somatosensory cortex. 293
The arborization of two of these cell axons in S1 and MC are illustrated in Fig. 6 ; the 294 third is shown in Supplementary Fig. SM7 . The laminar distribution of these individual 295 axons in the cortex was similar to that produced by bulk-labeling with BDA 296 iontophoresis. Under light-microscopic analysis, MC-L4/3 boutons in the three neurons 297 were consistently larger (1.13 ± 0.43 µm 2 , 1.13 ± 0.74 µm 2 and 1.42 ± 0.49 µm 2 , 298 respectively) than those formed by the branches of the same axons in S1-L5a (0.74 ± 299 0.30 µm 2 , 0.83 ± 0.39 µm 2 and 0.96 ± 0.35 µm 2 ) or S1-L1 (0.73 ± 0.37 µm 2 and 0.91 ± 300 0.46 µm 2 ), the third cell lacked axon branches in S1-L1 (see Fig. 6f -g and 301 Supplementary Fig. SM7 ). Statistical comparison of mean bouton projection areas and 302 size distributions revealed that the differences were highly significant ( Fig. 6j-m) . 303
Hence, our analysis shows that the separate axonal branches of individual Po neurons 304 form structurally different boutons in MC and S1. 305
Discussion 307 308
Here, we demonstrate that individual Po neuron simultaneously innervate MC and S1 309 through branched axons that have varicosities (putative synaptic contacts) of markedly 310 different size in each area. These structural differences were found to be even more 311 pronounced using high-end 3D-electron microscopy: the Po boutons in MC-L4/3 differ 312 significantly from Po boutons in S1 (L1 and L5a) in volume, surface area, and mean 313 number of synaptic contacts. Moreover, MC-L4/3 and S1-L5a Po synapses are 314 significantly different in vesicle pool size, in PSD surface area and shape, and in their 315
proportion of synapses established on spines. Interestingly, about a quarter of the Po 316 synapses occur in non-varicose axonal segments. Comparison with our previous data on 317 VPM S1-L4 synapses 25 reveals both a sharp contrast between Po and VPM synapses in 318 S1, which correlate with recently discovered differences in the functional properties of 319 these synapses, as well as intriguing similarities between Po synapses in MC and VPM 320 synapses in S1 (Table 1, 
Individual Po axons form structurally different synapses in MC and S1 325
Thalamic inputs reach the cortex via a diverse array of overlapping axonal pathways. 326 New techniques that make it possible to label the complete axonal arborization of 327 individual neurons are revealing that axons from most thalamic nuclei branch to target 328 several cortical areas (reviewed by 31 ). In rats, individual Po cell axons can innervate 329 both the somatosensory and motor cortices, and often other regions 4, 24 . In a recent 330 study of anterogradely bulk-labeled mouse Po axons, we showed that axonal 331 varicosities in MC-L4/3 are, as a population, significantly larger than varicosities in S1-332 L5a 3 . Here, using single-cell transfection-labeling of single Po neurons and quantitative 333 axonal and bouton 3D-volume reconstructions, we demonstrate that these large MC-334 L4/3 and small S1-5a varicosities occur on separate branches of individual Po axons, 335 and dovetail much deeper differences in synaptic 3D ultrastructure. 336
The most striking differences between Po MC-L4/3 axon synapses and S1-L5a is the 337 difference in their mitochondrial volume, PSD area and number of synaptic vesicles. 338
Large bouton and mitochondria volume and large vesicle pools are all linked to the 339 elevated energy supply and/or calcium homeostasis required to maintain high release rates 28, 32, 33; 34 . Mitochondria boost local ATP generation and control Ca +2 levels which 341 allow enhanced mobilization and recycling of synaptic vesicles for exocytosis, 342 neurotransmitter release and for the generation of synaptic membrane potentials, 343 specially under repetitive high-frequency firing 33 . Likewise, the presence of large 344 vesicle pools and extensive and complex PSDs is associated with higher 345 neurotransmitter release probabilities and synaptic efficacy 17; 18; 19; 35 and to the number 346 and distribution of postsynaptic receptors 20, 22, 23 . The striking differences in these 347 parameters between Po MC-L3/4 and S1-L5a boutons thus imply that the first may 348 readily keep a high release probability at high-frequency firing rates, which is consistent 349 with the observed capacity of MC Po synapses to transmit signals with higher efficacy 350 and temporal acuity than Po S1 synapses 3, 16 . Besides the structural differences, specific 351 ionotropic and metabotropic receptor distributions may contribute to the temporal 352 profile divergence of MC and S1 neuron responses to the repetitive activation of Po 353
Thalamocortical shaft synapses in rodent neocortex correspond in a large proportion 355 to contacts on cortical inhibitory neurons 36; 29 , but see 37 . Thus, our data indicate that, 356 mouse Po axons contact S1-L5a cortical interneurons in a proportion comparable to 357 other thalamocortical systems and species, including VPM-L4 axons (Table 1, to be consistent with our recent observation that MC unit responses are facilitated by 365 rapid repetitive Po axons activation, while the S1 responses become depressed 3 . 366 367 Po and VPM synapses in S1 are markedly different in structure 368
Comparison of Po axon S1 synapses with VPM axon S1 synapses ( Fig. 7 ; see also 25 ) 369 reveals a remarkable contrast: both types of thalamocortical axon contact postsynaptic 370 shafts or spines in the same proportion, and their PSD sizes are similar. However, their 371 presynaptic ultrastructure is strikingly different. Virtually all (95%) VPM synaptic 372 boutons were large, containing one or several mitochondria, large vesicle pools, and 373 most of them (53%) contained more than one (up to four) active zones. Only 5% of the VPM synapses lacked a mitochondrion (interbouton synapses), and no VPM axonal 375 segment containing a mitochondrion inside lacked an active zone 25, 27 (Table 1 ; Fig. 7) . 376
In other words, in VPM axonal arbors, all mitochondria were found near a synapse. In 377 contrast, Po boutons in S1-L5a were nearly 50% smaller, contained 30% smaller 378 mitochondrial volumes and 50% smaller vesicle pools. Only 9% were multisynaptic, 379 and these had, at most, two active zones. Moreover, about 25% of Po synapses (defined 380 by a PSD and a vesicle pool) were found in "non-varicose" axonal domains. 381
Remarkably, 7% of the varicosities contained a mitochondrion but lacked an active 382 zone. In Po axons, therefore, mitochondria are far less concentrated around synaptic 383 sites, a pattern reminiscent of that observed in the Shaffer cortico-cortical collateral 384 system of the hippocampus, where over 50% of synaptic sites lack a mitochondrion and 385 8% of axonal varicosities containing a mitochondrion had no synaptic contact 28 . 386
Po S1 and VPM L4 synapses evoke each markedly different temporal response 387 profiles in cortical cells as a result of the selective involvement of different types of 388 glutamate receptors: the VPM synapses involve only ionotropic receptors and their 389
EPSCs depress markedly by repetitive stimulation 9 , while Po synapses involve both 390 ionotropic and metabotropic receptors and display EPSCs-facilitation 3, 15 . Interestingly, 391 the different presynaptic mitochondrial content in VPM vs. Po synapses might also 392 contribute to their different effects on S1 neurons. By boosting local Ca 2+ and ATP 393 levels, mitochondria actively promote the docking and/or fusion of synaptic vesicles 33, 394 41 , as well as the transport of vesicles from the resting to the recycling and readily 395 releasable pool 42 . As a result, mitochondria-rich synapses are capable of maintaining a 396 high release probability over a wide range of firing rates 34 . Our observations of larger 397 mitochondrial concentration near the VPM S1 synapses seems thus consistent with 398 electrophysiological evidence that VPM synapses produce relatively large (~4.8mV) 399 excitatory postsynaptic potentials 9 or currents 10 with low failure rates 11, 12 , while Po 400 synapses in S1-L5a produce smaller postsynaptic currents 10, 15, 16 , that have slower rise 401 and decay times 14 . 402
In addition, studies over the past decade have revealed that mitochondrial 403 distribution along axonal trees is optimized to match the local metabolic demands of 404 their synapses. Importantly, a significant fraction of axonal mitochondria may remain 405 mobile in adult axon arbors (reviewed by 33 ). Low ATP and high calcium levels 406 promote the docking and/or fusion of mobile mitochondria near highly active synapses 407 mitochondria and of mitochondria distant from synapses suggests that synaptic efficacy 409 might be readily enhanced by the mobilization of mitochondria to particular synapses. 410
In contrast, the pattern observed in in VPM S1 axons (high mitochondria concentration 411 at synapses and absence of non-synaptic mitochondria) may not allow significant 412 changes in efficacy though mitochondrial re-distribution. This scenario is consistent 413 with the recently discovered capacity of Po S1-L5a synapses for delayed yet stable 414 potentiation as a result of conditional adult learning, a capacity that is lacking in VPM 415 S1-L4 synapses 13 . 416
Finally, the comparison of the MC Po axon presynaptic structure of with that of 417 VPM S1 synapses reveals intriguing similarities ( Fig. 7; Table 1 ), despite the fact that 418 these two synapse populations arise from different thalamic nuclei and are located in 419 widely separated cortical domains. Such overall resemblance is consistent with 420 electrophysiological observations that both Po MC and VPM S1 synapses elicit 421 similarly large EPSCs 9, 16 , exhibit paired-pulse depression and involve only ionotropic 422 receptors 3, 16 . Remarkably, however, the size of the Po MC-L3/4 synapse PSDs is 60% 423 larger than that of the VPM L4 synapses, suggesting that the former may have even 424 greater high synaptic strength and release probability. Moreover, as pointed out earlier, 425 these synapses may have their effects on cortical cells less temporally curtailed by 426 feedforward inhibition 3 . 427 428
Large non-synaptic spine intrusions are frequent in thalamocortical boutons 429
We show that many Po and VPM boutons have an elongated, thick protrusion of the 430 postsynaptic spine head invaginated into them. Two previous 2D electron microscopic 431 studies of lateral geniculate nucleus axon synapses in the primary visual cortex of 432 ferrets 43 and tree shrews 44 reported similar spine profiles, suggesting that spine 433 intrusions may be common in mammalian thalamocortical synapses. While their precise 434 functional significance remains to be determined; our data already provide some 435 intriguing clues. For example, invaginations are always found adjacent to the spine 436 active zone, yet seem not to be directly related to its size ( Fig. 5e-f ). They are 437 substantially more prevalent in the Po MC-L3/4 and the VPM S1-L4 synapses than in 438 the S1 Po synapses (L5a and L1), suggesting some relationship with the absence of 439 metabotropic glutamate receptors. Moreover, the large (up to 20 times the size of the 440 active zone) and narrow invaginated intermembrane space is bound to create non-linear other secreted molecules. It is even possible that the extensive patch of parallel and 443 closely apposed membranes might allow local electric field (ephaptic) conduction 45 444 between the cortical spine and its thalamocortical bouton. 445
In conclusion, we have demonstrated here that differences in the composition of 446 synaptic structure underlie and explain the divergent responsivity and plasticity of MC 447 vs. S1 neurons to Po input 3, 16 , as well as that of S1 neurons to VPM vs. Po inputs 10, 13 . 448
Moreover, the evidence that these structural and functional differences actually occur 
BDA iontophoresis for selective population-labeling of Po axons 638
Animals were placed in a stereotaxic frame (Kopf Instruments, Tujunga, CA, USA). After light microscopic inspection, samples containing dense labeling in the S1 and 688 MC neocortex were cut out and glued onto pre-polymerized resin blocks for serial 689 section and subsequent ssTEM imaging ( Supplementary Fig. SM2) . 690 691
Tissue processing for ssTEM imaging of BDA-labeled Po boutons 692
Embedded tissue blocks that contained L5a and L1 in S1 barrel cortex or L4/3 in MC 693
were cut with a Leica Ultracut UCT ultramicrotome (Leica Microsystems, Nussloch, 694
Germany) into serial 60 nm ultrathin sections (around 90 sections/series). They were 695 collected on pioloform-coated single-slot copper grids (Electron Microscopy Science). 
FIB-SEM 3D tissue preparation and imaging of BDA-labeled Po boutons 705
In addition, some Durcupan-embedded tissue blocks from the same experiments were 706 used to obtained 3D tissue samples using combined focused gallium ion beam milling 707 and scanning electron microscopy (FIB-SEM). Here, a Crossbeam Neon40 EsB electron 708 microscope equipped with a gallium FIB and a high-resolution scanning emission SEM 709 column (Carl Zeiss) was used. In order to accurately select the regions of interest, a 710 secondary electron microscopic image was acquired from the block surface that was 711 overlaid and collated with previously obtained light microscopic images 50 . Once the 712 appropriate location was chosen, a gallium ion beam was used to mill the sample to 713 allow visualization of brain tissue under the block face on a nanometer scale. The 714 recently milled surface was then imaged using a back-scattered electron detector (1.8 715 kV acceleration potential). The milling and imaging processes were sequentially repeated in an automated way, providing a stack of serial digital images that represented 717 a 3D sample of the tissue 51 . Image resolution in the xy-plane was 5 nm per pixel. 718
Resolution in the z-axis (section thickness) was 20 nm, so the voxel size of the resulting 719 image stack was 5x5x20 nm. 720
With the above resolution parameters, images of 2048 x 1536 pixels (field of view of 721 10.24 x 7.68 microns) were obtained. A total of twenty different stacks of images of the 722 neuropil in the three cortical regions of interest were obtained (seven stacks from S1-723 L5a, six from S1-L1, and seven from MC-L3/4). The number of serial sections per stack 724 ranged from 75 to 478; the total number of serial sections was 4,874 (mean: 243.7 725 sections per stack). Registration (alignment) of serial sections was performed with the 726 freely available Fiji software 52 , using a rigid body model that allowed no deformation 727 of individual images. 728
729
3D-volume reconstruction and analysis of ssTEM and FIB-SEM image stacks 730
The 3D-volume reconstructions and measurements on ssTEM images were carried out 731 Micropipettes were pulled from Kwick-Fill borosilicate capillaries (1 mm outer 775 diameter; WPI). Inner tip diameter was adjusted to 10-15 µm. To eliminate RNAse 776 activity, micropipettes were then kept in a stove overnight at 240ºC and, after cooling, 777
were backfilled with a RNA stock solution (1.8-2 µg/µl in 0.5M NaCl) and mounted on 778 a holder (WPI) that has both a pressure port and electrode connection. All procedures 779 were performed over clean, single-use surfaces, and metal instrument tips were briefly 780 exposed to a flame. 781
The micropipette tip was stereotaxically positioned into Po. 50-100 nl of solution 782
were injected using a precision electro-valve system (Picospritzer II, Parker Hannifin, then applied through the micropipette tip using a CS20 stimulator (Cibertec, Madrid, 785 Spain). The micropipette tip was left in place for 5 min before removing it from the 786 brain. Finally, the bone defect was closed, the scalp sutured, and animals were returned 787 to their cages. 788 Under bright-field optics, axonal branches appeared as sharply labeled filaments with 807 frequent varicose swellings. To estimate and compare the size of varicosities (putative 808 synaptic boutons), the maximal projection area was measured from live images using a 809 Nikon DMX1200 camera fitted to the microscope and the NIS-Elements imaging 810 software tools (v3.2; Nikon). To this end, the major perimeter of each varicosity was 811 focused at 1000X and delineated over the computer screen using the "polyline" and 812 "polygon" software tools. For each cortical area, layer and axon, 50 randomly selected 813 varicosities were measured. Varicosities with cross-sectional areas (maximal projection) 814 near or below the microscope resolution limit (< 0.2 µm 2 ) we not included. Statistical Individual axonal segments from (a) S1-L5a; (b) S1-L1, or (c) MC-L4/3. Black arrows 916 indicate PSDs located in non-varicose axon domains. Scale bar represents 2 µm. (a'-c') 917
Different morphologies of dendritic spines postsynaptic to Po boutons in (a') S1-L5a, 918 (b') S1-L1, and (c') MC-L4/3. Spine surface is partly transparent to allow the 919 visualization of the PSDs within the spine head. In the spines containing a spine 920 apparatus, this organelle (blue) is shown aside. Scale bar (for spines and spine 921 apparatuses) represent 0.5 µm. For clarity, the spine PSDs are also represented isolated 922 below, at double magnification. Note the differences in both shape (perforated vs. non-923 perforated, closed ring-or horseshoe-like) and size of the PSDs. In (b') note the large 924 spine containing a mitochondrion. synapses in MC-L4/3 and S1 (L1, and L5a) and comparison with the S1-L4 VPM 973 axon synapses. The diagram on the left depicts, on a coronal mouse brain section, the 974 trajectory and cortical arborizations from a Po cell axon (blue) and a VPM cell axon 975 (magenta). The table on the right summarizes in simplified graphic format, to facilitate 976 comparisons, the most salient differences in synaptic structure observed in the present 977 study between Po boutons in MC-L4/3, S1-L1 and S1-L5a. For clarity, numbers are 978 rounded-up mean values (see Table 1 for details). The column on the right (magenta) 979 displays, with the same conventions, the values measured in S1-L4 VPM synapses. 980 981 982 983 984 Table 1 : Ultrastructural 3D measurements of Po synapses in MC-L4/3, S1-L1 or S1-985
L5a, and comparison with VPM synapses in S1-L4. 986 987
